Introduction
A series of three experiments were conducted to determine the optimum amino acid patterns for maintenance and protein accretion and the subsequent total optimum dietary amino acid pattern for growing pigs. The first experiment established that the response of nitrogen accretion to amino acid intake was linear within the range of amino acid intake used. The second experiment was designed to determine an estimate of essential amino acid requirements for both maintenance and tissue protein accretion. A third experiment was conducted to verify the maintenance essential amino acid requirement estimates of Experiment 2 over a narrower range of amino acid intakes. Since the results of Experiments 1 and 3 validated the results of Experiment 2, only Experiment 2 will be discussed in this report.
Experimental Procedures

Diets Animals and Methods
Twenty-four female Large White x (Large White x Landrace) pigs with an average weight of 46 kg were kept in metabolism cages for six collection period in three of which low-N diets were fed and in the other three high-N diets were fed. In each collection period two animals were given the high-N control (HC) diet and one animal was given each of the twenty-two diets (i.e. one protein free diet, one low-N control (LC) diet and 10 LC and 10HL diets with the appropriate amino acid(s) omitted. After 7 d adaptation to the first diet, bladder catheters were introduced and two successive 48 h collections of urine were made. The diet was then changed to one of the same N content but with a different amino acid deleted and, after a further 3 d adaptation, a further two 48 h urine collections were made, after which a third diet, again with the same N content, was given and after 3 d adaptation two more 48 h urine collections were made. The pigs were then allowed 1 week in loose pens during which time they were adapted to the other level of N intake; they were then put back into cages, fitted with bladder catheters, and the same schedule of adaptation and collection periods was repeated, giving a total of 144 duplicated observations, six for each diet except HC, for which there were twelve.
The composition of the main diets used is shown in Table 1 . A total of twenty-three diets were used. The amino acid composition of the basal low-N (LC) and high-N (HC) diets was based on the pattern established in a preceding study (Wang & Fuller, 1989) . The other low-N diets were made by omitting one (or two) amino acid(s) entirely from diet LC; the other high-N diets were made by replacing 20% of the casein with a mixture of amino acids having the same composition,but omitting one (or two) amino acids from the amino acid mixture included in each diet. At each rate of N intake, omissions were made of both methionine + cystine, or of methionine alone, maintaining the same total sulphur amino acid content as the control diet by addition of extra cystine. Similarly, phenylalanine + tyrosine were both omitted from one diet and phenylalanine alone from another, with additional tyrosine to maintain the total concentration of aromatic amino acids at the same level as in the control diet. The N content of all diets was maintained constant by additions of alanine, aspartic acid and monosodium glutamate, each supplying one-third of the N. The protein-free diet (PF) included no casein or amino acids but there were trace quantities of amino acids in the maize starch, and in Experiment 2 and 3 allowance was made for these in the calculation of the results.
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Discussion
The aim of the present work was to make direct assessments of the pattern of amino acids needed by growing pigs, both for maintenance and for tissue growth. The approach used was based on the concept that when a single amino acid is limiting in the diet the rate of body protein accretion is directly related to the supply of that one amino acid. Although others have related N retention to amino acid intake, no one seems to have used such information as a means of establishing an optimum amino acid pattern in the diet.
The pattern of amino acids which was estimated to be required for body protein accretion is very similar to published estimates of the whole-body amino acid composition of pigs (Table 3) . This echoes the concept (Mitchell, 1950) that "the amino acid requirements of the growing animal are determined in the last analysis by the amino acid composition of the tissue proteins formed during growth".
It is interesting to note, in Table 3 , that the estimated amino acid requirements tended to be higher than the amounts found in body tissue. In this respect the proposed "ideal protein for accretion" is reminiscent of sow's milk protein (Table 3) which likewise contains concentrations of most essential amino acids above those found in body tissue. The reason may be that at rates of N intake compatible with normal rates of growth, the rate of oxidation of each of the essential amino acids is increased above its minimum, and this means that to achieve maximum N utilization this must be allowed for by including essential amino acids in rather higher proportions than are eventually incorporated.
There is information in the literature on the daily amino acid requirements for maintenance of several species and it is of interest to compare these (Table 4) . Between pig, rat and man there is a broad measure of concordance in the rankings of the requirements for the different amino acids. For the fowl the pattern does seem to be different. Leveille et al. (1960) reported, however, that their estimates were highly correlated with the amino acid composition of feather protein and it may be that these keratins make an even greater contribution to then maintenance of the fowl than skin and hair do in the cases of man or the growing rat or pig
Considering the total needs of the growing pig for both maintenance and tissue protein accretion the two estimates given here can be recombined for any given rate of protein accretion. For the present purposes it is useful to compare the combined estimates with those in a previous study (Wang & Fuller, 1989) . In that work, the final pattern was derived from the third experiment in which animals were retaining 1 g N/kg W 0.75 per d. The present results have been recalculated by adding the requirement per 1 g increase in body protein accretion to the requirement for maintenance (Expt 2). The resulting estimates are given in Table 5 , together with those suggested by the Agricultural Research Council (1981) . It is evident that the three patterns are broadly similar, but there are discrepancies of up to 15% among them.
Conclusion
The amino acid requirements for growing pigs consist of two components, a requirement for maintenance and a requirement for tissue protein accretion. Heartland Lysine, Inc. recommends the following amino acid balance (combined for both maintenance and tissue protein accretion) for swine feed formulation based upon the research presented in this report and from review of other world-wide literature.
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